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In 2008 the US dairy industry committed to reducing green house gases (GHG) associated with milk
production. Understanding the contributions of dairy practices to GHG requires the collection of
extensive complex farm level data. The purpose of this paper is three fold: 1) to describe the innovative
model of data collection involving an expansive collaborative process, 2) discuss survey response rates
and 3) offer lessons learned that will facilitate the replication of this method for data collection needs
associated with other agricultural industries or other agriculturally related research questions.
Published by Elsevier Ltd.1. Introduction
Sustainability is not a new concept to the US dairy industry.
Producer and consumer support for sustainability initiatives have
existed for decades (Klausner et al., 1998; Konovalchuk, Hansen, &
Luloff, 2008; Santarossa et al., 2004; Welsh & Lyson, 1997) albeit
often localized to a particular geographic region or centered
narrowly on one component of the dairy production system.
In 2008, the dairy industry convened its inaugural Sustainability
Summit. Dairy industry leaders were joined by university
researchers, extension dairy experts, dairy producers, processors,
government agencies and non-governmental organizations from
across the nation. During the summit, the industry pledged its
commitment to sustainability across the supply chain and speciﬁ-
cally to the reduction of the carbon footprint of ﬂuid milk.
Following the summit, the Innovation Center for US Dairy in afﬁl-
iation with the Dairy Research Institute partnered with University
of Arkansas (UA) to conduct a life cycle assessment (LCA) of the
green house gases (GHG) associated with the ﬂuid milk supply
chain. Such an assessment requires a comprehensive data collec-
tion process across each major link e production, processing,
transportation and retail e of the supply chain.: þ1 479 575 5306.
r Ltd.Primary data collection through producer surveys and focus
groups have been used for many types of dairy analyses (e.g.,
Kauppila & Pelsue, 2003; Mayer & Kammel, 2010; Opatik & Novak,
2010; Parsons, Hanson, Luloff, & Winsten, 1998). These studies
were often narrow in focus and/or relied on small samples from
which to gather information. The USDA Agricultural Resource
Management Survey (ARMS) is an excellent example of a collabo-
rative effort to produce data regarding the dairy industry. But
these data, while extensive, do not include information related to
many GHG relevant variables. Also, the data were only collected
for only 12 states and were years old at the time of our study. Farm
level data needs for GHG emissions calculations and other partial
LCAs are substantial. Due to the data complexity, the time and
costs associated with collection can be signiﬁcant even with the
expertise of extension specialists in the ﬁeld. As a result many
GHG and LCA studies have relied on secondary, simulated and/or
small sample data to perform their analyses (e.g., Arsenault,
Tyedmers, & Fredeen, 2009; Capper, Cady, & Bauman, 2009;
Casey & Holden, 2005; Chianese, Rotz, & Richard, 2009; Gerber
et al., 2010; Rotz, Montes, & Chianese, 2010; Thomassen,
Dalgaard, Heijungs, & de Boer, 2008; Verge, Dyer, Desjardins, &
Worth, 2007). While the information gleaned from such studies
is inherently useful, without widespread inclusion of major
production regions and production practices, results may not be
representative across the entire dairy production sector and could
fail to account for important contributors to GHG production or
regional differences.
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stand the beneﬁts the inclusion of a wide range of stakeholders can
bring to a project (Cabrera, Breuer, & Hildebrand, 2008; Greene,
2006; Lee, 1997; Monroe, McDonell, Hermansen-Báez, Long, &
Zipperer, 2007; ZoBell, Chapman, Bagley, Heaton, & Whittier,
2004). Collaboration across stakeholders can reduce the total
costs of data collection and improve the quantity and quality of data
collected. Collaborative frameworks for survey based models have
been proposed before (e.g., Donaldson & Seymour, 2010). We
extend that effort to include a broad range of stakeholders with
unique skills and informational access to increase the likelihood of
success in data collection. The purpose of this paper is three fold to:
1) describe the innovative model of data collection involving an
expansive collaborative process across industry, research and
extension 2) discuss response rate and data relevance, and 3) offer
lessons learned that will facilitate the replication of this method for
data collection needs associated with other agricultural industries
or other agriculturally related research questions.
2. Materials and methods
Data from a representative number of producers (across three
herd sizes and ﬁve geographical regions) were desired to calculate
the carbon emissions that result from producing milk. Data
collection was achieved through a unique ﬁve step process.
2.1. Identiﬁcation of the team
Identiﬁcation of the data needed and development of the data
collection instrument required input across a large number of disci-
plines: dairy industry leaders, dairy producers, extension, research
and member-owned dairy co-operatives (co-ops) personnel. All
stakeholders had one or more roles in question formulation, surveyFig. 1. Covers of the dairy producer life cycledistribution or survey completion. This team worked together over
a series of weeks to outline the scope and goals of the data collection
process before developing the survey instrument.
2.2. Development of the questionnaire and a companion How-To
guide
Survey development comprised three parts: draft/pre-test,
revision/on-farm test, and ﬁnalization. Questions were developed,
where possible, such that consistency and how reasonable
a response was could be assessed (see Section 2.6 for further
explanation). Following Dillman, Smyth, and Christian (2008) the
survey was drafted and sent to over 100 dairy producers, dairy
research and extension experts, dairy co-op personnel, and dairy
industry leaders for review. Revisions were made based on
comments received. The surveywas then tested on site at ﬁve farms
in different regions with different herd sizes and different
production systems to identify any omissions, difﬁculties, or
inconsistencies in the questions or responses. Revisions as a result
of this ﬁnal pre-test concluded the review process. The ﬁnal
instrument consisted of 47 questions divided into eight sections
regarding: 1) herd demographics; 2) energy use; 3) animal housing
and milk production; 4) animal feed and grazing practices; 5) crop
production; 6) manure management; 7) energy allocation across
ﬁve operations (feed, manure management, milking, heifer and all
other); and 8) information sources (extension, land grant
researchers, industry, veterinarians, co-op and other) for best
management practices and new technologies for the 2008
production year. A ninth section was devoted to the collection of
additional respondent comments. An experienced professional
graphic artist was engaged to transform the survey into a large, user
friendly booklet form and to create a companion How-To guide
(Fig. 1) with step by step instructions for each question.assessment survey and How-To guide.
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US Department of Agriculture National Agricultural Statistics
Service (USDA NASS) identiﬁed 66,470 dairy farms in the US across
ﬁve regions (Fig. 2) and three herd sizes (<100 head, 100e499
head, >499 head) in the US in 2007 (USDA NASS, 2007). Neces-
sary response rates for each of the 15 herd size-region combina-
tions were calculated to target a 90% conﬁdence level and 10%
margin of error. Given the complexity of the survey instrument, it
was assumed that only approximately 20% of those surveyed would
respond. As a result, surveys weremailed to 5415 producers (or just
over ﬁve times the number of responses desired) nationwide.
Producers to receive the surveys were chosen from the member-
shipof25of the largestUSdairyco-ops for two reasons. First, drawing
from these membership lists allowed us sufﬁcient coverage for the
desired region/size sample distribution without placing too large
a burden for survey collection on any one co-op.Whilemany (17) co-
opsheldmembership inonlyoneregion, the remainderhadmembers
in two to ﬁve regions. The ﬁnal number of participating co-ops rep-
resented in any given region ranged from ﬁve to eleven. Second,
working through the co-op provided UA a system that could protect
the conﬁdentiality of the respondents while at the same time
encouraging data collection. Identiﬁcation of dairy farms and their
characteristics was facilitated by the dairy co-ops as co-op personnel
provided UAwith a list of all members (identiﬁed by a number only),
the location (state information only) of the member’s farm, and the
2008milk production value for each farm. The 2008milk production
values for each statewere used as a proxy for herd size in the relevant
state because member herd size information was not available from
the co-ops. Because milk production varies greatly across states (e.g.,
milk production froma “large”herd inArkansaswill bedifferent from
milkproduction froma “large”herd inCalifornia),milknumbers from
individual states were used to determine herd size (the reliability of
this proxy is discussed in the results below). Using the USDA NASS
herd size-region statistical information described above, UA
researchers organized the members into region and size categories
and then randomly selected the necessary number of producers in
each herd size-region category.Fig. 2. Dairy production regiUA mailed the relevant number of surveys to the co-op for
distribution to the appropriate members. Survey mailings included
a postage paid envelope so that the survey could be returned
directly to UA. At no time did UA personnel know which producers
received the survey. While each co-op knew which members had
received surveys, they did not have access to responses because this
information was sent directly back to UA. These methods helped to
maintain the conﬁdentiality of the identities of the surveyed/
responding farms.
The second reason for working directly with the co-ops was that
their endorsement increased the legitimacy of our efforts. We
assumed that producers would be more likely to respond if encour-
aged by their own co-op, organizations with which they had estab-
lished relationships. To help ensure consistent information was
disseminated to producers through all co-ops, sample cover letters,
news releases, presidents’ columns, newsletter articles were
providedto theco-ops touse topromote thesurvey totheirmembers.
Identiﬁcation of the survey sample took placewith individual co-ops
on a rolling basis from December 2008 through March 2009. The
survey distribution took place from January through May 2009.
2.4. Help for survey completion
Additional help for survey completionwas offered in threeways.
First, an extensive support system that included dairy consultants,
an agricultural non-proﬁt organization, extension agents and dairy
promotion board personnel was organized. Conference calls were
convenedwith the group to apprise them of the survey time period,
to explain the process of sample selection through the co-ops and
to identify other individuals/organizations in each region that could
assist producers with the survey completion. A webinar was
developed for the co-op and support system personnel that: 1)
explained themeaning of, and need for, each question; 2) described
the How-To guide; and 3) provided examples for some of the more
complex questions. This webinar was recorded and made available
to interested parties throughout the survey process. Second, an
agricultural non-proﬁt organization provided phone-in assistance
on a toll-free number to producers and support system personnelons used for the survey.
Table 2
Percentage distributions in sample group and respondent group.
Group Herd size Region Nation
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purpose or its questions. Finally, UA research personnel worked
directly with extension dairy personnel in each region. As with the
co-ops, these extension specialists and agents were key in engaging
producers in this process (by further promoting the legitimacy and
importance of the effort and assisting in survey completion) once
the surveys were distributed.
2.5. Collaborator communication
Throughout the process, UA facilitated communication across all
collaborators. Over the ﬁve month period, weekly updates were
provided to the dairy co-ops and dairy industry leaders regarding
survey response rates (individual co-ops were informed of responses
for their co-op only; industry leaders were provided information
regarding the overall response rate across all co-ops combined).
Conference calls were held bi-monthly with extension agents and
specialists, private consultants, co-op and promotional board
personnel to assist with questions. When help line personnel re-
ported instances of common call-in questions, UA shared appropriate
responses byemail and conferencecallswith support (consultant and
extension) in the ﬁeld. The help linewas shut down inmid-May and
the survey collection process effectively ended May 30, 2009.
2.6. Analysis
Data from returned surveys were entered into a database and
a double-entry approach was used to minimize data entry error. To
help ensure the validity of information collected, survey responses
were checked wherever possible, for consistency (through
comparisons with related questions) and for how reasonable they
were in terms of falling within an expected (from the literature or
in consultation with experts) range of values. In cases where
responses failed either or both tests, co-op or other known (often
consultants and extension) assistance personnel were contacted to
check back with the producer to verify responses. Clariﬁcations or
conﬁrmations were gathered for all surveys that were included in
later analyses (deemed usable surveys). Chi-square and t-tests were
used to compare distributions (in terms of region and herd size)
between the survey sample group and the respondent group.
Survey data were used primarily for two purposes: 1) to calcu-
late the GHG footprint associated with farm level milk production;
and 2) to identify factors that contributed to the GHG footprint and
therefore could be areas of potential future footprint mitigation.
Details regarding the methods and results of those studies are
presented in Thoma et al. (2013) and Asselin-Balençon et al. (2013),
respectively. The remainder of this discussion is devoted to
a description of the survey response rates, and a discussion of
lessons learned from this collaborative approach to complicated
primary data collection.
3. Results
Of the 5415 surveys distributed, 536 usable surveys (or 10%)
were returned (Table 1). This usable response rate was consideredTable 1
Survey responses by region and by size.
Herd size Region
1 2 3 4 5 Total
Small 43 8 109 25 10 195
Medium 37 13 87 26 12 175
Large 25 6 55 38 42 166
Total 105 27 251 89 64 536substantial given the complex nature of the data required and the
fact that the survey took place during one of the most economically
challenging times for dairy producers. Because the number of
usable surveys fell short of the targeted 936 returned surveys,
representativeness of the data were further examined by: 1) eval-
uating the reliability of milk production as a proxy for milking herd
size; 2) comparing the herd size and regional distributions between
the sample and respondent groups; and 3) assessing the repre-
sentation of known regional dairy production practices in the
respondent groups.
First, comparisons were made between the pre-assigned size
category of each respondent and themilking herd size to determine
whether milk production number was a reliable indicator of herd
size. As a result of this analysis, only two surveys (less than 1% of
respondents), both in region 3, were reclassiﬁed into different size
categories (“farm A” from small to medium and “farm B” from
medium to large). These changes provided little cause for concern
as both farms were borderline cases; their milk numbers had been
on the very high end of their pre-assigned herd size and their actual
herd numbers fell in the very low range of the herd size
classiﬁcation.
Second, comparisons were made between the pre-assigned
region for each respondent and their reported state location.
Based on this comparison, there was no need for any regional
reclassiﬁcations. Each respondent’s operation was located in its
pre-assigned region. As a result of both of these comparisons,
researchers feel that the methods used to assign the sample group
to a given region and herd size were reliable.
Third, while there was a clear difference in the expected and
actual number of surveys returned, analyses were conducted to
determine whether signiﬁcant differences existed between the
sample group and respondent group regarding: 1) national distri-
bution of study farms by herd size, 2) national distribution of study
farms by region and 3) distribution of study farms across the 15
region/herd size categories. Results of chi-square tests showed
there were no signiﬁcant differences (p ¼ 0.7748) in the national
distribution of small, medium and large survey farms for the
sample and respondent groups. As shown in Table 2, the greatest
percentage of survey farms for both the sample and respondent
groups was the small herd size and the smallest percentage of
survey sample and respondent farms was in the large herd size.
However, chi-square test results did identify signiﬁcant differences
(p < 0.0001) in the distribution of study farms by region. While
each region captured close to 20 percent of the survey farms in the
sample group, nearly 47 percent of responses were in Region 3
alone while Region 2 only captured 5 percent of responses. Simi-
larly, signiﬁcant differences (p < 0.0001) also existed across the 15
region/herd size categories. While any one of the 15 categories in
the sample group held ﬁve to seven percent of all survey farms,
Region 3 captured 10e20 percent of respondents in categories1 2 3 4 5
Sample Small 7.1 7.0 7.1 7.0 6.8 35.0
Medium 7.0 6.8 7.0 6.8 6.8 34.4
Large 5.9 4.9 6.4 6.6 6.8 30.6
Total 20.0 18.7 20.5 20.4 20.4 100
Respondent Small 8.0 1.5 20.3 4.7 1.9 36.4
Medium 6.9 2.4 16.2 4.9 2.2 32.6
Large 4.7 1.1 10.3 7.1 7.8 31.0
Total 19.6 5.0 46.8 16.7 11.9 100
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2.5 percent or less of respondents (Table 2).
Finally, given the concerns regarding distributions of responses
in Regions 2 and 5, surveys from all respondents were examined for
inclusion of known dairy practices that existed in their particular
region. For example, only a handful of all respondents indicated
that they were engaged in organic dairy production. As a result,
these data cannot be used to make statements pertaining speciﬁ-
cally to the organic dairy industry. However, based on the review of
the literature and interviews with dairy experts, other reported
practices including feed rations, manure management practices
and energy usage e all potential contributors to GHG emissions e
common to a given region and herd size were highly represented in
the respondent group in all regions except Region 2.
Based on these assessments, although response rates were
lower than expected, we believe the existing data to be highly
useful in GHG assessments of 2008 conventional dairy farms with
one exception, Region 2. Moreover, subsequent analyses accounted
for response rate and representative practice issues weighting
results and conducting sensitivity analyses (Asselin-Balençon et al.,
2013; Thoma et al., 2013).
4. Discussion
Now that the analysis was complete, the question arose: “was
this extensive collaboratione across researchers, dairy consultants,
dairy industry representatives, dairy co-ops, a non-proﬁt and
extension agentse really worth it?”. The answer, in aword, is “yes”.
Thanks to the engagement of a broad spectrum of dairy industry
stakeholders, the quality and quantity of data received met the
needs of the science-based LCA model. Collaborations with the
dairy industry, dairy producers and dairy research and extension
personnel resulted in the development of a single instrument to
capture much needed farm level GHG relevant information.
Collaborations with the co-ops allowed for representative region
and herd size sampling. Collaborations with consultants and
extension personnel helped with response rates. We attribute
much of the high response rate in Region 3 to very active extension
support personnel there. The webinar training, How-To guide and
help line helped with the quality and relevance of responses.
Finally, discussions with academics, other researchers and dairy
personnel helped us to at least partially ensure responses matched
the on-farm reality. So how can this framework be adapted to work
for the needs of other complex research questions in perhaps other
agricultural industries? One key is engaging Extension.
Unlike some of the other types of collaborators, extension
agents and specialists were engaged across all ﬁve steps of the
collaborative process. Not only do they hold specialized knowledge
regarding milk production practices in their areas and the trust of
producers, they served as a “reality check” when determining what
type of data could be collected by the producer within a reasonable
amount of time. Moreover, we know from our respondents that
extension specialists and agents provided conﬁdential assistance
for at least 110 (or nearly 20%) of the responding producers and
consultants assisted another 45 (eight percent) more. We believe
the actual number is higher. Engagement of a collaborative support
group, particularly Extension personnel, clearly improved the
representativeness of the data nationwide.
5. Conclusions
Three lessons were learned from this process: 1) include
collaborators in the ownership of the project e participation in the
project planning process increases chance of success in achieving
commonly approved goals; 2) recognize unique contributions edairy industry leaders, dairy co-ops, dairy consultants, researchers
and extension personnel each played a role but together made this
process possible: 3) engage Extension e Extension connects the
researcher to the producer, allowing for the collection of data and
delivery of educational programs that are derived based on project
results.
The extent of stakeholder engagement in this process is the
uniqueness of this framework. It is noted that such engagement
does not come without costs (in terms of funds and time) for all
involved. But in cases where farm level primary data needs are
great, the beneﬁts of such engagement outweigh the costs. We now
have the most current and extensive data set of its kind for US dairy
producers.
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